Abstract. Liver dysfunction reflects the status of heart failure, and previous studies have demonstrated that serum lactate dehydrogenase (S-LDH) levels are increased in patients exhibiting heart failure and liver dysfunction. Right heart failure is a main characteristic of idiopathic pulmonary arterial hypertension (IPAH). The aim of the present study was to assess the prognostic significance of S-LDH levels in patients with IPAH. S-LDH levels were determined in 173 patients with IPAH, and these patients were subclassified into two groups according to a defined upper reference limit of S-LDH (250 IU/l). Right heart catheterization was performed in all patients. A total of 53 patients were found to have elevated S-LDH to ≥250 IU/l. In a mean follow-up period of 31.2±17.9 months, 57 patients succumbed. In the group with lower S-LDH levels (S-LDH <250 IU/l), 16.7% of the patients succumbed, compared with 69.8% of patients in the group with higher S-LDH levels (S-LDH ≥250 IU/l). The Kaplan-Meier survival curves demonstrated that patients with higher S-LDH levels had a significantly lower survival rate than did those with lower S-LDH levels (log-rank test, P<0.001). Cox proportional hazard analyses identified reduced body mass index, reduced cardiac index, elevated World Health Organization functional class, higher S-LDH and an absence of PAH-targeted therapy as significant predictors of adverse outcomes. In conclusion, elevated S-LDH is a risk factor for mortality in patients with IPAH.
Introduction
Lactate dehydrogenase (LDH) is a cytoplasmic enzyme that is widely expressed in tissues. The enzyme converts pyruvate, which is the final product of glycolysis, to lactate when oxygen is in short supply, and it is detectable in the serum (1) . Conditions that can cause increased S-LDH include tissue injury, necrosis, hypoxia, hemolysis or malignancies (2) (3) (4) (5) .
Idiopathic pulmonary arterial hypertension (IPAH) is a disease characterized by progressive pulmonary vascular remodeling, which results in right ventricular failure and mortality. PAH is a rare condition with an annual incidence range of 1.1-7.6 cases per million, a prevalence range of 15-26 cases per million individuals (6, 7) . IPAH is a particular type of PAH, which is unexplained by any secondary cause. The prognostic markers of PAH including WHO functional class, the plasma concentration of brain natriuretic peptide (BNP) (8), 6-minute-walk distance and mean right atrial pressure. Despite use of these markers, however, prediction of survival for IPAH patients remains difficult.
Right ventricular failure is the main causative factor for the mortality of patients with IPAH (9) . Right ventricular failure can lead to liver function abnormalities, which increase the level of certain liver enzymes, such as transaminase and LDH, in the serum. Liver function is associated with the prognosis of patients with heart failure (10) (11) (12) (13) . The aim of the present study was to determine whether S-LDH is a prognostic marker in patients with IPAH.
Materials and methods
Study subjects. Of the 188 consecutive patients in whom IPAH was diagnosed in our institute (Fuwai Hospital, Beijing China) between May 2007 and July 2012, 15 patients were excluded: Nine were excluded as a result of being lost to follow-up and six were excluded due to their involvement in clinical drug research. The remaining 173 patients (48 males and 125 females; mean age, 31±10 years) were enrolled in the study. All 173 patients were incident cases. as Class III and three (1.7%) as Class IV. The patients were subclassified into two groups, normal and abnormal, according to their serum-LDH (S-LDH) levels. S-LDH ≥250 IU/l was considered to be a sign of pathology (normal levels <250 IU/l). No patients in the study had any known malignancy or liver and renal function damage due to other disease. The PAH diagnosis was confirmed when the following results were indicated using right heart catheterization (RHC): Mean pulmonary artery pressure (mPAP), >25 mmHg, mean pulmonary capillary wedge pressure (mPCWP), <15 mmHg; and pulmonary vascular resistance (PVR), >240 dyn/sec/cm 5 (14) . IPAH was defined as PAH unexplained by any secondary cause. This study was approved by the Institutional Review Board of Fuwai Hospital. Written informed consent was obtained from all patients when they were recruited to the study.
The following data were obtained through review of the patient records: Age at diagnosis; gender; date of diagnosis; height; weight; WHO functional class; biochemical tests, including N-terminal pro-brain natriuretic peptide (NT-proBNP), S-LDH, total bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), serum creatinine (Cr) and uric acid (UA) levels; hemodynamics, as assessed by RHC, including mean right atrial pressure (mRAP), mPAP, cardiac index, PVR, mixed venous oxygen saturation (SVO 2 ) and mPCWP. In order to perform the biochemical tests, venous blood was drawn following an overnight fast within a week of the first diagnostic catheterization.
Follow-up. Follow-up data were obtained by telephone interviews with the patients or their families. The primary endpoint was all-cause mortality. Survival was estimated from the date of diagnosis to October 2013 (the last date of contact) or until mortality.
Statistical analysis. Continuous variables are presented as the mean ± standard deviation. Categorical variables are presented as frequencies and percentages. Differences between groups were assessed by the Mann-Whitney U test, and proportions were compared using the χ 2 test. The correlation between S-LDH and the baseline variables was assessed through Spearman's rank correlation coefficients. The association between time to mortality and S-LDH was assessed using log-rank tests, with Kaplan-Meier plots used to describe the likelihood of the outcome during the follow-up period. For the comparison of the prognostic values of S-LDH and NT-proBNP, receiver operating characteristic (ROC) curves were generated, and the areas under the curves (c-statistics) were calculated. Simple Cox regression analyses were conducted to establish the predictors of mortality during the follow-up period. Variables with a P<0.05 were then tested in a stepwise forward Cox regression model (entered at a P<0.05, removed at a P>0.10). P<0.05 was considered to indicate significance. Statistical analysis was conducted using SPSS version 19.0 for Windows (IBM SPSS, Armonk, NY, USA).
Results

S-LDH levels and the severity of IPAH.
The baseline characteristics of the 173 patients are shown in Table I . The mean age was 31±10 years (range, 14-59 years), and the female-to-male ratio was 2.76:1. The mean body mass index (BMI) was 22.1±3.7 kg/m 2 . Elevated S-LDH to ≥250 IU/l was observed in 53 patients. A comparison of the baseline clinical characteristics, hemodynamic parameters and serum biomarkers between patients with S-LDH levels <250 IU/l and those with S-LDH levels ≥250 IU/l is shown in Table I . No significant differences were found between the two groups in the age, gender, BMI, PCWP, serum Cr or ALT levels, or the use of targeted therapies; however, the WHO functional class, mRAP, mPAP and PVR, as well as the UA, total bilirubin, AST and NT-proBNP levels, were significantly higher in patients with S-LDH levels ≥250 IU/l than those in patients with S-LDH levels <250 IU/l, and the cardiac index and SVO 2 were lower in patients with S-LDH levels ≥250 IU/l. Table II .
Association of S-LDH
S-LDH levels and outcome in IPAH.
During a mean follow-up period of 31.2±17.9 months, 57 patients succumbed and one underwent transplantation during the follow-up period. Nine patients missed their appointments and survival was determined according to the last date of contact. A total of 16.7% (20/120) of the patients in the group with lower S-LDH levels succumbed, compared with 69.8% (37/53) of patients in the group with higher S-LDH levels. The Kaplan-Meier survival curves, grouped according to the S-LDH value of 250 IU/l, demonstrated that patients with higher S-LDH levels had a significantly lower survival rate than did those with lower S-LDH levels (log-rank test, P<0.001). The one-, three-and five-year survival rates of the group with lower S-LDH levels were estimated to be 94.2, 76.8 and 75.0%, respectively, and the mean survival time was 65.0±2.8 months. In comparison, the one-, three-and five-year survival rates of the group with higher S-LDH levels were 66.0, 31.1 and 23.1%, respectively, and the mean survival time was 31.2±4.0 months (Fig. 1) .
S-LDH in the context of other markers of adverse outcome.
In simple Cox regression analysis, the following factors were found to be associated with an increased risk of mortality: Younger age; elevated WHO functional class; increased mRAP, mPAP, mPCWP or PVR; reduced BMI, cardiac index or SVO 2 ; elevated levels of NT-proBNP, AST and S-LDH; and absence of PAH-targeted therapy. Based on forward stepwise Cox regression analysis, only reduced BMI and cardiac index, elevated WHO functional class, higher S-LDH and an absence of PAH-targeted therapy remained as significant predictors of adverse outcomes (Table III) .
ROC curve analyses further illustrated that a high level of S-LDH is a strong indicator of adverse outcomes in IPAH. The optimal S-LDH cutoff level for predicting outcome was 218.5 IU/l (sensitivity, 80%; specificity, 70%). The c-statistic for (Fig. 2) .
Discussion
The present study showed that approximately one-third of the study population presented with elevated LDH levels. These individuals had an inferior prognosis compared with those with LDH levels below the upper reference limit. S-LDH levels were significantly associated with WHO functional class, mRAP, mPAP, SVO 2 , UA, total bilirubin, ALT and serum Cr, and particularly with AST, NT-proBNP, cardiac index and PVR, suggesting that elevated levels of S-LDH are reflective of a range of functional, hemodynamic and biochemical indicators of more severe disease and poor prognosis in patients with IPAH, in addition to indicators of right heart failure-induced poor liver function. It has been demonstrated that severe IPAH has a number of characteristics exhibiting certain similarities with the characteristics of cancer, such as the unexplained proliferation of pulmonary smooth muscle and endothelial cells (15) and metabolic shifts. Parallel to cancer, anaerobic glycolysis is a dominant vascular feature in IPAH (16, 17) , which leads to the increased activity of LDH and lactate production. The present study showed that the S-LDH level was significantly associated with the hemodynamic parameters in IPAH, which suggests that pulmonary smooth muscle and endothelial cells may be the sources of the increased S-LDH; however, this hypothesis requires further investigation for verification.
The current study also showed that the S-LDH level is a strong, independent predictor of an adverse prognosis in patients with IPAH, even following adjustment for a variety of clinical and biochemical variables. In a study by Takeda et al (18) , it was found that total bilirubin was a prognostic marker in patients with PAH, while S-LDH was not (18) ; in the present study, however, S-LDH was found to be a more effective prognostic marker than total bilirubin. This difference may have been due to the fact that the study by Takeda et al (18) included patients with connective tissue disease-associated PAH in addition to patients with IPAH, and because fewer patients were recruited by Takeda et al (18) compared with the number of patients in the present study (37 vs. 173). The present study also demonstrated that S-LDH was a more effective predictor of mortality than NT-proBNP in patients with IPAH. This may be due to the fact that NT-proBNP is highly specific for changes in cardiac hemodynamics and thus can be considered to be a 'myocardial exclusive' protein (19) , while S-LDH a non-specific test that appears to reflect the general condition of patients with severe disease and to have systemic implications.
S-LDH level measurement is a simple, noninvasive, relatively low-cost and routinely available procedure. Although a number of noninvasive markers for the severity of IPAH, such as neurohormones and echocardiographic parameters, have been suggested, S-LDH levels should also be considered as a potential noninvasive indicator for the severity of IPAH.
There were several limitations to the present study. Firstly, this was a retrospective, observational, single-center study, in which S-LDH was only assessed at baseline. Further assessments should performed during the therapeutic follow-up. In addition, S-LDH is a highly sensitive but nonspecific test; levels of LDH isoenzyme, which could provide more information, were not measured.
In conclusion, S-LDH levels increase in proportion to the clinical severity of IPAH and have a strong, independent association with the long-term mortality of patients with IPAH. It may be worthwhile to assess the potential role of S-LDH as a biomarker and as a potential mediator involved in the pathogenesis of IPAH in further studies.
